Benzo[a]pyrene-DNA adducts inhibit translocation by the gene 4 protein of bacteriophage T7.
Bacteriophage T7 gene 4 protein is an essential component of the T7 DNA replication system, acting as both a primase and a helicase. The gene 4 protein has been shown to translocate along single-stranded DNA in the 5'----3' direction, using an energy source for this movement the hydrolysis of nucleoside 5'-triphosphates, preferably dTTP. Thus, measuring the rate and extent of dTTP hydrolysis provides a means to directly measure translocation. We have determined that the hydrolysis of dTTP by the gene 4 protein is strongly inhibited by the presence of benzo[a]pyrene (B[a]P) adducts on the DNA. Time course experiments on adduct-containing DNA show that after an initial burst of hydrolysis, which parallels what is observed on unmodified DNA, further hydrolysis abruptly ceases. Addition of excess unmodified DNA does not restore the hydrolysis activity. These data suggest that the gene 4 protein is blocked and sequestered on the DNA at the site of the adduct. This was confirmed by experiments in which gene 4 protein preferentially protected the radiolabeled adduct-containing DNA but not randomly labeled M13 DNA. The gene 4 protein bound to the B[a]P-modified DNA was isolated, and the complex was found only to contain dTTP. These results have been used to formulate a model for gene 4 protein translocation in which we speculate that the power stroke for unidirectional movement along the single-stranded DNA is the displacement of dTDP by dTTP. Finally, we observe a constant ratio of DNA synthesis to dTTP hydrolysis regardless of the number of B[a]P adducts in the template suggesting that a significant portion of the inhibition of DNA synthesis is a direct consequence of the inhibition of gene 4 translocation.